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(54) Aligning and manufacturing components 

(57) An object system is regarded as being equiva- 
lent to a system for generating an output of an 0 2 sensor 
(12) or exhaust gas sensor from a target combined air- 
fuel ratio that is produced by combining target air-fuel 
ratios KCMD for respective cylinder groups (3, 4) ac- 
cording to a filtering process of the mixed model type. 
With the equivalent system as an object to be controlled, 



an air-fuel ratio processing controller (15) determines a 
target combined air-fuel ratio, and determines a target 
air-fuel ratio KCMD for each of the cylinder groups (3, 
4) from the target combined air-fuel ratio. The air-fuel 
ratios in the cylinder groups (3, 4) are manipulated into 
the target air-fuel ratio according to a feed-forward con- 
trol process. 
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Description 

Field of the Invention 

[0001] One aspect of this invention relates generally 
to test devices and more particularly to a distributed test- 
ing system providing the capability of testing a plurality 
of optical components at multiple sites; another aspect 
of this invention relates to the alignment and manufac- 
ture of optical components using a processor controlled 
auto-aligner. 

[0002] There are several ways of testing an optical 
component for loss and other characteristics. For exam- 
ple, a single optical signal of known wavelength and am- 
plitude can be launched into a component, and losses 
can be deduced from a signal measured at the output 
of the device. Alternatively, a plurality of signals can be 
launched into the device sequentially and similar meas- 
urements made for each wavelength. In a manufactur- 
ing and production environment, it is preferable to test 
devices over a range of wavelengths of interest as 
quickly as possible. Generally, a testing station for test- 
ing optical components requires a very costly tunable 
laser. In operation, these lasers are tuned to a plurality 
of wavelengths, one at a time, and have their output sig- 
nal fed into a device under test (DUT). The purpose of 
providing a signal to a DUT at various wavelengths with- 
in a predetermined range of wavelengths, is to detect 
losses through the DUT at each or at several wave- 
lengths of interest. Of course it would be possible to pro- 
vide signals from several discrete lasers to a DUT, how- 
ever, in a production environment, such a scheme would 
likely not be practicable. When using a tunable laser as 
mentioned above, it is preferred if electronic circuitry is 
provided to correlate an output response for the DUT 
with a particular wavelength of light propagating through 
the device at a particular instant in time. 
[0003] Systems are currently known that employ a 
tunable laser in which the tuning mechanism stops at 
each wavelength to be tested. However, this process 
takes several minutes when a large number (i.e. > 100) 
of wavelengths are to be measured. The wavelength ac- 
curacy is limited by the mechanical tolerances of the tun- 
ing mechanism. 

[0004] One aspect of this continuation-in-part appli- 
cation that is of particular importance relates to the man- 
ufacture of components. 

[0005] Although the testing of components has a rel- 
atively high importance, providing for the testing of com- 
ponents during manufacture can offer significant cost 
savings. For example ) it is possible to obviate the prac- 
tice of discarding components that dont meet a required 
specification by relatively tuning the components; more 
particularly automatically varying their relative align- 
ment during the manufacturing stage. 
[0006] Yet still further, there is a significant advantage 
to tuning or aligning components before, and after the 
application of adhesive such as epoxy, oradhesivesthat 



are cured thermally. For instance, it is found that by first 
aligning two components such that they provide opti- 
mum coupling of a light signal passing therethrough, 
and then performing a final step of applying adhesive, 
s often provides spurious results; as the adhesive cures, 
it tends to shrink and pull the components out of align- 
ment. 

[0007] A software-controlled system for controlling an 
alignment stage requires actuators for relatively posi- 
10 tioning two components in a desired manner. Since the 
components to be aligned are designed in their combi- 
nation to pass or reflect light, a test signal is provided, 
and one or more detectors provide an indication of the 
alignment condition to a suitably programmed proces- 
15 sor. Either the same processor or one coupled thereto, 
controls the alignment stage to provide optimum align- 
ment in dependence upon the detected test signal prop- 
agating through or reflecting from one or both of the 
components. If a system of this type were to use a dith- 
ering approach to determining a maximum intensity sig- 
nal after passing light through the components and ad- 
justing their relative alignment, error would likely occur, 
as there are often several intensity peaks within a range 
of wavelengths being scanned. Thus, within a first group 
of channels being tested with appropriate wavelengths 
of test light there may be one or more peaks, and within 
a second group of channels being tested with appropri- 
ate wavelengths of test light there may be one or more 
other peaks. 

[0008] The system in accordance with this invention, 
obviates these potential errors by first determining a 
maximum peak in a wavelength band of interest 
[0009] Therefore, it is an object of the invention to pro- 
vide a system wherein optical components can be au- 
tomatically aligned and tested during manufacture. 
[0010] It is a further object of the invention to provide 
a system wherein optical components to be affixed in an 
optimum position can be automatically aligned, tested, 
and re-aligned after the application of adhesive by an 
auto-aligner. 

[001 1 ] It is an object of this invention to provide a proc- 
essor driven system for controlling the relative align- 
ment of components prior to and after an adhesive is 
applied to affix the components in an aligned state. 
[0012] It is an object of this invention to provide an 
apparatus for determining the wavelength of a tunable 
laser signal while it is tuning, so that the tuning mecha- 
nism does not have to stop at each wavelength, thus 
speeding up the measurement. The wavelength accu- 
racy is not affected by the mechanical tolerances of the 
tuning mechanism. 

[0013] It is an object of this invention, to provide a cen- 
tral system, which generates signals for testing optical 
devices at a plurality of testing stations, remote from the 
central system. 

[0014] It is a further object of the invention to provide 
a system for testing and or manufacturing a plurality of 
devices simultaneously. 
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[001 5] It is a further object of the invention to provide 
an apparatus responsive to an input signal of varying 
wavelengths, for testing a plurality of devices at a plu- 
rality of locations. 

Statement of the Invention 

[0016] In accordance with this invention, a method of 
manufacturing a device is provided wherein relative 
alignment between at least two components is required 
so that light passing from one component to the other is 
efficiently coupled, the method comprising the ordered 
steps of: 

a) launching a beam of light through at least one of 
the components to at least impinge upon the sec- 
ond component; 

b) detecting a property of the beam of light after it 
has passed through the at least one of the compo- 
nents; 

c) in dependence upon a result in step (b) using a 
suitably programmed processor to determine if the 
t wo components are optim ally aligned while rela- 
tively moving or orienting the two components with 
respect to each otherto optimize their relative align- 
ment; 

d) applying an adhesive to at least one of the two 
components so as to relatively fix the components 
that have been determined to be optically aligned; 

e) detecting a property of the beam of light after it 
has passed through the at least one of the compo- 
nents; 

f) in dependence upon a result in step (e) using the 
suitably programmed processor to determine if the 
two components are optimally aligned after the ad- 
hesive has been applied and during at least some 
duration while the applied adhesive is curing, and 
before the adhesive has completely cured, relative- 
ly moving or orienting the two components with re- 
spect to each other to optimize their relative align- 
ment. 

[0017] In accordance with the invention there is pro- 
vided, a method of manufacturing an optical component 
comprising the steps of: 

providing a plurality of optical test signals to a plurality 
of assembly stations adapted to assemble optical com- 
ponents, each assembly station having an auto-align- 
ment means for at least partially automatically relatively 
aligning two optical components in dependence upon at 
least one of a plurality of the test signal propagating 
therethrough. 

[0018] In accordance with the invention there is fur- 
ther provided, a method of manufacturing an optical 
component comprising the steps of: 

providing a plurality of optical wavelengths to an as- 
sembly station adapted to assemble optical compo- 



nents, the assembly station having an auto-align- 
ment means for at least partially automatically rel- 
atively aligning two optical components in depend- 
ence upon at least some of the optical wavelengths; 
5 providing at least one of the optical wavelengths in 
the form of a test wavelength to the at least two com- 
ponents, and automatically adjusting the relative 
alignment with the auto-alignment means. 

10 [0019] In accordance with another aspect of the in- 
vention there is provided, a method of manufacturing an 
optical component comprising the steps of: 

passing light through at least two optical compo- 
15 nents to be aligned, to determine a signal response; 
using a suitably programmed processor to compare 
the output response to a desired output response 
stored in a memory; 

and using an auto-alignment means to adjust the 
20 relative alignment between the two components to 
yield an output response from the adjusted aligned 
components that is closer to the response stored in 
memory. 

25 [0020] In accordance with another aspect of the in- 
vention there is provided, an auto aligner for automati- 
cally aligning components of an optical device during 
manufacture of the same comprising: 

30 at least an input channel for receiving an input sig- 
nal in dependence upon a property of a beam of 
light launched through at least one of the compo- 
nents of the optical device; 
a microprocessor based controller for receiving at 
35 least an input signal and for providing at least a con- 
trol signal in dependence upon the input signal for 
moving the at least two optical components relative 
to each other; and, 

at least an output channel for transmitting the con- 
40 trol signal to at least an adjustment block for moving 
the at least two optical components relative to each 
other in dependence upon the control signal. 

Brief Description of the Drawings 

45 

[0021] Exemplary embodiments of the invention will 
now be described in conjunction with the drawings, in 
which: 

50 Fig. 1 is a schematic block diagram of a first em- 
bodiment of the invention wherein a first laser signal 
and timing signal generator block provide signals to 
a test station block for testing an optical device; 
Fig. 2 is a schematic block diagram of a second em- 
55 bodiment of the invention wherein a first laser signal 
and timing signal generator block provided signals 
to multiple test stations; 

Fig. 3 is a graph showing the output characteristics 
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of a fibre grating; 

Fig. 4 is a graph showing the output characteristics 
of an etalon in accordance with this invention; 
Fig. 5 is a block circuit diagram of an alternative em- 
bodiment of the invention including circuitry for FM 
modulation and demodulation of a timing signal; 
Fig. 6 is a block circuit diagram similar to that of Fig. 
5 and including means for deriving synchronization 
information relating to the scanning laser output sig- 
nal wavelength; 

Fig. 7a is a detailed block circuit diagram of a circuit 
for deriving synchronization information and for 
modulating the scanning laser output signal with 
wavelength information; 

Fig. 7b is a graph of two filters output responses 
depicting wavelength versus amplitude; Fig. 8 is a 
detailed block circuit diagram of an alternative cir- 
cuit for deriving synchronization information and for 
modulating the scanning laser output signal with 
wavelength information; 

Fig. 9 is a schematic diagram of an assembly station 
comprising an auto aligner according to the inven- 
tion; 

Fig. 10 is a schematic block diagram of the auto 
aligner according to the invention; 
Fig. 11 is a flow diagram of operation of the auto 
aligner according to the invention; 
Fig. 12 a graph illustrating range scan and optimi- 
zation scan according to the invention; and, 
Fig. 13 is a schematic diagram of a jig position in- 
dicator. 

Detailed Description of the Drawings 

[0022] Turning now to Fig. 1, a high level block dia- 
gram is shown of a first embodiment of the invention of 
a test system 8 wherein a first block 30 of optical circuitry 
and components provides a variable wavelength optical 
signal for launching into a DUT 26 within a second block 
40a. In the first block 30, the variable wavelength optica I 
signal in the form of a tunable laser signal S L is com- 
bined with a timing signal S T for determining wavelength 
information relating to the tunable laser signal S L . The 
purpose of separating the circuitry into these two blocks 
30 and 40a is to isolate and separate two primary func- 
tions; firstly, that of producing a variable wavelength op- 
tical signal with an associated timing signal for providing 
timing information relating to the variable wavelength 
optical signal, and secondly, the function of testing the 
device or component of interest along with providing the 
necessary circuitry for doing so in response to the two 
signals S L and Sj. Furthermore, the separation into 
these two blocks has significant cost advantages as 
welL For example, by using a splitter 43 to split the var- 
iable wavelength optical signal along with its corre- 
sponding timing signal into two same signals, another 
test station 40b (not shown) identical to block 40a can 
be provided with test and timing signals. Since the most 



costly part of the entire system 8 is in the block 30 con- 
taining the tunable laser, this system obviates the re- 
quirement of providing duplication of the tunable laser 
to provide test signals to two or more separate test sta- 
s tions. 

[0023] Referring now in more detail to the system 8, 
block 30 includes a tunable laser 10 capable of being 
tuned over a wavelength range of interest of 1520 nm 
to 1570 mn. The tunable laser 10 repeatedly varies its 

10 output starting at 1520 nm increasing continuously to 
1 570 nm. After reaching 1 570 the laser it returns to 1 520 
nm and continues from 1520 nm again. Thus the laser 
sweeps across the wavelength range, and continues re- 
peatedly. A 5% tap 12 is provided to receive the output 

'5 signal S L from the laser, passing 5% to a timing signal 
generator 14, and passing 95% of the optical signal S L 
onwards to a means 16 of combining this signal wiih a 
timing signal Sj, Thetiming signal generator determines 
from the small portion of the output signal S L , when the 

20 signal S L is at a predetermined wavelength, for exam- 
ple, when its wavelength is 1520 nm. Then the timing 
signal generator 14, generates the timing signal Sj 
which indicates that the signal S L is at a wavelength of 
1520 nm. At a subsequent time when the laser wave- 

25 length reaches the next wavelength of interest, for ex- 
ample 1 520.01 nm, a subsequent pulse in the timing sig- 
nal is sent indicating 1520.01 nm. As both of the signals 
S L and are combined by a coupling means 16, care 
is taken to ensure that the timing signal is at a wave- 

30 length that differs from the signal S L so that the data 
content of the signal S L is not affected. Essentially, the 
timing signal serves as a marker or indication which can 
be used by the block 40a, and more particularly the 
means for determining wavelength information 20 to cal- 

35 ibrate the wavelength of the signal S L at specific times 
corresponding to the timing signal. Conveniently a split- 
ter 43 is provided to split the signals S L and Sj into other 
signals S L and S T that can be routed to one or more 
other test stations 40b, 40c.,. etc. (not shown). Of course 

40 alternatively, thetiming signal could bean electrical sig- 
nal distributed by electrical means. 
[0024] The second block 40a includes means in the 
form of a wavelength division (WD) filter 1 8 suitable for 
dividing or combining wavelengths, for separating the 

45 composite signal S L and S T into two separate signals. 
The signal Sj is provided to the means for determining 
wavelength information 20, which also receives infor- 
mation from detectors 22 and 24. Substantially the en- 
tire signal S L output from the filter 1 8 is provided to the 

so DUT 26; a small portion, 10% is provided to the detector 
24. The output signal from the DUT 26 is directed to the 
detector 22. In operation the detector 24 relatively de- 
termines the intensity of the input signal to the DUT 26 
and provides this information to the means 20. The ac- 

55 tual intensity or power measured at the output of the 
DUT 26 is provided by the detector 22 to the same 
means 20; thus the means 20 can calculate the loss 
through the DUT 26 and can determine the correspond- 
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ing wavelength of the signal S L for that particular loss 
calculation, in dependence upon thetiming signal. Since 
the timing signal indicates the instant the signal S L is at 
a wavelength of 1 520 nm., a determination can be made 
as to the wavelength of the signal S L at other instants 
in time. An embodiment for realizing this function will be 
described in more detail with reference to Fig. 2. 
[0025] Referring now to Fig. 2, a small portion of an 
output signal S L of a tunable laser 10 is tapped by 5% 
optical taps 1 2, 1 2b and 1 2c, for providing three tap sig- 
nals Sj a , S-q, and Sj c which are provided to a timing sig- 
nal generation circuit 14. Within this circuit 14, a fixed 
etalon 31, a fibre grating (FBG) 32 and electronic circuit- 
ry 33 provide a means of generating a pulsed modula- 
tion signal S M comprising a train of pulses having 0.01 
nm increments in wavelength of the signal S L . The first 
pulse in the train of pulses, derived from the output of 
the FBG 32 and the output of the fixed etalon 31 , corre- 
sponds to the signal S L being at a wavelength of 1520 
nm; the second pulse corresponds to the signal S L being 
at a wavelength of 1520.01 nm; the third pulse corre- 
sponds to the signal S L being at a wavelength of 
1520.02 nm, and so on, and the last pulse in the train of 
pulses, corresponds to the to the signal S L being at a 
wavelength of 1570 nm; Since the input signal S T to the 
fixed etalon varies in wavelength, and the etalon is se- 
lected to have a free spectral range of 1 .25 GHz or about 
0.01 nm. within the range of 1 520 to 1 570 nm, the output 
signal of the fixed etalon 31 is a periodic signal. Fig. 4 
shows the desired output characteristic of the etalon 31 . 
The distance between etalon reflective surfaces is cal- 
culated as follows: 

Etalon FSR[nm]= X 2 /2nd 

Etalon FSR[GHz]=c/2nd 

where c= the speed of light; n= the refractive index of 
the material between the reflective surfaces; and d= the 
distance between etalon reflective surfaces. 
[0026] The FBG 32 is designed to reflect the input sig- 
nal when its wavelength is 1520 nm., thus providing an 
indication to the circuitry corresponding to a starting 
point, in the train of pulses. This is illustrated in Fig. 3 
where at the threshold transmission level, the start is 
indicated to be at 1520 nm. The electronic circuit 20 in 
response to the periodic output from the etalon 31 and 
the indication of when the signal S L is at a wavelength 
of 1520 nm., generates the modulation signal S M which 
is provided to a 1310 nm. laser 34. In response to the 
signal S M the laser generates a train a pulses, at a wave- 
length of 1310 nm. having spaced apart in time, corre- 
sponding to 0.01 nm. increments of the tunable laser 
signal St- Thus, the modulation signal is converted to a 
1310 nm. laser pulsed signal S LP , having a wavelength 
significantly different from the signal S L which varies be- 



tween 1520 and 1570 nm. Before the signals S LP and 
S L are combined, the signal S L is amplified by an erbium 
doped fibre amplifier (ED FA). The ED FA may be neces- 
sary to ensure that there is sufficient optical power at 
5 each test station to perform the loss measurement on 
the DUT. A tunable filter 17 tracks the laser wavelength, 
transmitting the laser signal but blocking the spontane- 
ous emission of the EDFA or laser at wavelengths other 
than the laser wavelength. 
10 [0027] A wavelength division mux 16 combines the 
amplified signal S L and the signal S|_p into a composite 
signal S L S LP which are fed to a 1 by 8 splitter 43 thereby 
providing 8 test signals. Thus, 8 test stations 40 a, 40b ... 
40h can be provided at different locations within a build- 
's ing, with the required signals and signal information with 
which to test optical devices. Using the device shown in 
Fig. 2, it takes approximately I second to test a DUT at 
a plurality of wavelengths from 1 520 nm. to 1 570 nm. in 
increments of about 0.01 nm which corresponds to ap- 
proximately 5000 data points, 

[0028] In the embodiment shown in the circuit 14 of 
Fig. 2, an etalon is used as a means of providing a pe- 
riodic signal as the input signal sweeps from 1 520 to 
1570 nm. Of course the etalon may be substituted with 
other suitable interferometric means. 
[0029] Further the FBG 32 is used as a means of ac- 
quiring a relatively precise indication of its input signal 
being at 1520 nm. Once again, various other means can 
be envisaged for indicating when the input signal is at 
1520 nm. The fixed etalon and FBG have been chosen 
in the preferred embodiment after considering cost and 
availability. Preferably, temperature stabilization means 
29 are provided to ensure that the output of the charac- 
teristics of the etalon remain as constant as possible. 
[0030] The timing signal need not be combined 
with the tunable laser signal S L . I nstead a second optical 
fibre, or a wire, can be use to transmit the timing signal 
to each test station . The signals are combined in the pre- 
ferred embodiment to simplify the distribution of the sig- 
nals among the test stations; or, alternatively, the tuna- 
ble laser itself can be modulated to transmit the timing 
signal. 

[0031 ] The laser signal S L can be distributed to many 
more than 8 test stations. The limiting factor is that suf- 
ficient optical power be present at detectors 22 and 24 
to perform the loss measurement. If necessary, the laser 
signal S L could be split after 1 7, and re-amplified and 
split again. In this way an unlimited number of test sta- 
tions can operate from one tunable laser (with multiple 
timing signals Sj provided. ) 

[0032] In Fig. 2 an optional polarization state control- 
ler 23 is shown to control the polarization state of the 
laser signal S L transmitted to the DUT. By using this con- 
trolled, the system can measure polarization depend- 
ent loss (PDL) at each wavelength. The controller 23 is 
set to one of 4 polarisation states and one wavelength 
sweep is made, measuring the loss of the DUT at each 
wavelength. The controller 23 is then set to the second 
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polarization state and a second wavelength sweep is 
made. At each wavelength, 4 polarization states can be 
used to calculate the average loss (over all polarization 
states) and PDL. A system and method of measuring 
polarization dependent loss can be found in United 
States Patent 5,371,597 in the name of the applicant. 
The controller 23 can be placed directly afterthe tunable 
filter 1 7, thereby further economizing and obviating the 
need to have a polarization state controller 23 at each 
station. 

[0033] Referring now to Fig. 5 an alternative embod- 
iment of the invention is shown, wherein a tunable laser 
50 having an port 53 for receiving or providing a syn- 
chronization control Signal and an output port 51 for pro- 
viding a variable wavelength optical signal in the form 
of a tunable laser signal S L . A frequency synthesiser 55 
is responsive to a synchronization control signal provid- 
ed by the tunable laser 50. Upon receiving a start pulse, 
the circuit 55 begins providing a modulator with frequen- 
cy synthesized signal for modulation with tunable laser 
signal, there by providing an encoded orfrequency mod- 
ulated laser signal S LM in the form of a frequency ramp 
indicative of the varying wavelength of the laser signal 
S L . The signal S LM is then provided to a 1xN splitter 60 
having outputs 60a to 60n. As is shown in the figure, the 
output 60a is provided to a device under test (DUT) 62 
after which the output signal having propagated through 
the device under test is analyzed. The signal is first de- 
modulated removing the critical wavelength information 
or instantaneous wavelength signature, and retrieving 
the relevant test information from the demodulated sig- 
nal S L . Alternatively, the signal Sy^ can be demodulated 
prior to being provided to the DUT 62. Yet further alter- 
natively and preferably, demodulation would not he re- 
quired and the wavelength information encoded in the 
modulated signal is detected, for example by a frequen- 
cy resolved detector that includes a frequency counter 
that measures the instantaneous frequency. Alterna- 
tively a local oscillator and a mixer can be used to con- 
vert the modulated frequency to a D.C. voltage. 
[0034] In Fig. 6 means 56 are shown disposed be- 
tween the laser 50 and the frequency synthesizer 55 for 
deriving and providing wavelength information to the fre- 
quency synthesizer 55 from a signal provided by the tun- 
able laser 50 that corresponds in wavelength to the sig- 
nal S L . 

[0035] Referring now to Fig. 7a, a portion of the sys- 
tem shown in Fig. 6 is illustrated; means 56 shown in 
Fig. 6 is embodied here as follows. At the output of the 
tunable scanning laser 50 a small portion of the signal 
S L is extracted by a tap coupler 70. Two matched filters 
72a and 72b are disposed to receive a same portion of 
the tapped signal S LT from a 50:50 splitter 71 , and two 
detectors 74a and 74b respectively are disposed to re- 
ceive output signals from the filters 72a and 72b. Re- 
gions of the filters having opposite (negative and posi- 
tive) slopes are used. A differential amplifier 76 is elec- 
trically coupled to receive output signals from the detec- 



tors 74a and 74b and to provide a signal to a modulator 
57 that is proportional to the instantaneous wavelength 
of the signal S L . If required, a linearizing network 78 may 
be disposed between the differential amplifier 76 and 
5 the modulator 57, 

[0036] Fig. 7b illustrates the output response of the 
two opticalfillers 72aand72b and the region of the filters 
between the two vertical dashed lines shown that is 
used to achieve the advantages of this embodiment. 
10 [0037] In operation, the circuit of Fig. 7a works in the 
following manner. The signal S LT is tapped from the tun- 
able laser output signal S L and is split substantially 
equally between the two filters 72a and 72b. The power 
detected by detectors 74a and 74b is provided to the 
is differential amplifier 76 which provides an output signal 
that is substantially proportional to the wavelength of the 
signal S L . This output signal may be linearized if re- 
quired and then provided to a system to modulate the 
wavelength proportional signal with the signal S L . This 
modulated swept laser signal S LM which includes its 
neat instantaneous wavelength information is then pro- 
vided to a device under test. Alternatively, as was here- 
tofore described, the wavelength information can be 
combined onto another optical carrier at an alternative 
wavelength using either digital or analog modulation 
techniques. 

[0038] Turning now to Fig. 8 a circuit providing elec- 
tronic synthesis of wavelength information is provided 
to communicate nearly instantaneous wavelength infor- 
mation of swept or changing signal S L to an optical re- 
ceiver not shown. In this embodment the signal S L is 
tapped and the tapped signal S LT is provided to a Fabry 
Perot etalon which generates optical pulses to a detec- 
tor. The free spectral range of the etalon must be select- 
ed. An electronic counter 86 counts the number of puls- 
es from the known start of a wavelength scan. A fre- 
quency synthesizer 88 in response to the counted value 
in the counter 86 converts the number of pulses stored 
by the counter into a nearly instantaneous frequency 
corresponding to the frequency of the signal S L . As de- 
scribed heretofore, this signal can be used as a modu- 
lation; the wavelength information can be combined on- 
to another optical carrier at an alternative wavelength 
using either digital or analog modulation techniques. 
[0039] The detailed description heretofore is primarily 
concerned with a test system for testing an optical com- 
ponent, however an aspect of this invention that will now 
be described concerns the manufacture and testing of 
optical components during their manufacture. 
[0040] Referring now to Fig. 9, an assembly station 
900 for joining three separate components of an optical 
device using an adhesive 909 according to the invention 
is shown. During manufacture, in particular while the ad- 
hesive 909 is curing, alignment of the components is 
tested. During the manufacturing process two tubes 
905a and 905b, respectively, are affixed to an optical 
component 906 comprising two lenses and a filter using 
the adhesive 909. The tube 905b contains a first optical 
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fiber 908 for transmitting light from a laser source pro- 
viding laser light of different wavelengths and a second 
optical fiber 912 for transmitting light reflected at the fil- 
ter. The tube 905a contains an optical fiber 91 0 for trans- 
mitting light passing through the filter. The components 
905a and 905b are each mounted on a jig arm 903a and 
903b, respectively. Each of the jig arms 903 comprise a 
heater 904 for heating the components 905 in order to 
accelerate curing of the adhesive 909. The jig arms 903 
are each connected to a fine adjustment block 902. 
Each fine adjustment block 902 is movably mounted to 
a coarse adjustment block 901 . The adjustment blocks 

901 and 902 allow adjustment of the optical components 
905a and 905b relative to the component 906. Coarse 
adjustment in an x, y and z co-ordinate system along x, 
y, and z axes of the optical components 905a and 905b 
with respect to the component 906 is achieved using 
coarse adjustment blocks 901a and 901b, respectively. 
The coarse adjustment is performed manually by align- 
ing the components 905a and 905b to the component 
906 center to center at a predetermined distance. Alter- 
natively, the coarse adjustment blocks 901a and 901b 
are driven by a motor. Further alternatively, the coarse 
adjustment blocks 901 a and 901 b comprise actuators 
for rotating the components 905a and 905b relative to 
the component 906. 

[0041] Fine adjustment of the components 905a and 
905b relative to the component 906 is provided by the 
fine adjustment blocks 902. The fine adjustment blocks 

902 provide adjustment of the components 905 in an x, 
y and z co-ordinate system along x and y axes and are 
each driven by a linear motor for each direction. The lin- 
ear motors are controlled by an auto aligner 920 accord- 
ing to the invention. The auto aligner 920 comprises a 
processor for determining a control signal in depend- 
ence upon an input signal and for providing the same to 
the linear motors. The input signals are provided by de- 
tectors 922a and 922b connected to the optical fibers 
91 0 and 912 for capturing the intensity of beams of light 
transmitted through the optical component 906 - detec- 
tor 922a - or reflected within the optical component 906 
- detector 922b. The captured light intensity is displayed 
using power meters 924a and 924b. In operation the au- 
to aligner according to the invention adjusts the compo- 
nents 905 with respect to the component 906 in depend- 
ence upon the input signals provided by the detectors 
922 such that the captured light intensity is at maximum. 
Adjustment is performed by the auto aligner 920 before 
and after application of the adhesive 909. 

[0042] Optionally, the fine adjustment blocks 902 
comprise actuators for moving the components 905 in 
z direction and/or rotating the components 905 relative 
to the component 906. 

[0043] Alternatively, other light properties than inten- 
sity may be detected in order to adjust the components. 
For example, for manufacturing optical devices sensi- 
tive to polarization it is preferable to optimize alignment 
of the components with respect to the polarization and 



to lessen PDL, 

[0044] Further alternatively, the components are ad- 
justed using the auto aligner such that an output re- 
sponse from the adjusted aligned components is closer 
5 to a desired response stored in memory. 

[0045] As is evident to a person of skill in the art the 
station 900 may be modified for the manufacture of nu- 
merous other optical devices, for example connectors - 
affixing one or more optical fibers within tubes. 
w [0046] Furthermore, the auto aligner according to the 
invention may be used for combining optical compo- 
nents using vitrification instead of an adhesive. 
[0047] In another embodiment a plurality of assembly 
stations having an auto aligner according to the inven- 
ts tion are provided with a plurality of test signals from one 
laser source for relatively aligning optical components 
in dependence of at least one of the test signals propa- 
gating therethrough. The test signals comprise a plural- 
ity of different wavelengths, for example for testing com- 
ponents where light is transmitted or reflected depend- 
ing on the wavelength. Furthermore, the test signals 
may comprise a plurality of different polarization states 
in order to align components sensitive to polarization. 
[0048] Referring now to Fig. 1 0, a block diagram of an 
auto aligner according to the invention is shown. Signals 
indicative of the laser beam intensity captured by the 
detectors 922 are amplified using, for example, a log 
amplifier. The amplified signals are then digitised using 
an A/D converter. The digitised detector signals are then 
provided to a microprocessor based controller Based 
on the detector signals the controller provides control 
signals for controlling the fine adjustment blocks 902 
and for controlling timing of the heaters 904. The con- 
troller provides a control signal for each linear motor of 
the fine adjustment blocks. Each control signal is con- 
verted into an analog signal for regulating a constant 
current source in order to provide constant current to the 
linear motor in dependence on the control signal. Fur- 
thermore, the amplified and digitised detector signals 
are provided to power meters 924 for display in order to 
assist an operator. Operation of the auto aligner will later 
he described in conjunction with a flow diagram shown 
in Fig. 11. 

[0049] Optionally, the auto aligner according to the in- 
vention comprises means for auto aligning more than 
two adjustment blocks in order to align more compo- 
nents than shown in Fig. 9. The auto alinger may also 
comprise means for receiving more than two detector 
signals. Furthermore, the auto aligner provides control 
signals for aligning components along more than two ax- 
es of a co-ordinate system and /or for rotating compo- 
nents relative to each other. 

[0050] A method of manufacturing a device according 
to the invention using the auto aligner will now be de- 
scribed in conjunction with the flow diagram shown in 
Fig. 1 1 . After affixing the tubes 905 to the jig arms 903, 
the tubes are centered with respect to the optical com- 
ponent 906 and the gaps between the components are 



25 



30 



35 



40 



45 



50 



7 



13 



EP1 134 607 A2 



14 



adjusted using the coarse adjustment blocks 901 . For 
example, the tubes are hold in place using a V - groove 
within the jig arms 903 and clamps. The coarse adjust- 
ment may be done manually or by using motors control- 
led by an operator. Then a beam of light having a pre- 
determined wavelength, for example light having a 
wavelength that is reflected at the filter for aligning the 
reflection side - components 905b and 906, is launched 
through the device to be assembled and the auto aligner 
system is initialized. After initialization of the system the 
auto aligner performs a range scan in order to find a rel- 
ative position between the components 905b and 906 
where the light captured by the detector 922b of the re- 
flected beam is at maximum intensity. The range scan 
is a multi - peak detection scan to find the highest peak 
in a multi peak optical response. The range scan scans 
a fine range of 60 |i in 4000 steps as shown in Fig. 12 
using the fine adjustment block 902b. After the entire 
fine range is scanned and a peak value is found posi- 
tioners of the jig arm 903b lock on the found maximum 
value. The range scan may be performed as follows in 
horizontal direction and in vertical direction: 

from center to righ/upper limit of the range and back 
to the center; 

from the center to left/lower limit of the range and 
back to the center; and, 

from the center to location where the peak value of 
the intensity was found. 

[0051 ] Then , a light beam having a different predeter- 
mined wavelength, which is transmitted through the fil- 
ter, is launched through the device. The aligning process 
is then repeated for adjusting the relative position be- 
tween the components 905a and 906. After the range 
scan is finished an OK LED turns on. This scan is per- 
formed only once but can be started again if necessary. 
[0052] Alternatively, the range scan is performed in 
more than the two co-ordinate directions as described 
above. 

[0053] The range scan is then followed by an optimi- 
zation scan, usually initiated by the operator. Optimiza- 
tion and subsequent application of adhesive 909 is first 
performed on the reflection side and after curing of the 
adhesive 909 the process is repeated for the transmis- 
sion side. The optimization scan is performed In the 
same way as the range scan but in a range of ± 2u. 
around the previously found peak position as indicated 
in Fig. 12. The optimization scan is performed continu- 
ously during manufacture until the adhesive 909 starts 
to thicken. When the adhesive thickens the fine adjust- 
ment block experiences an increasing resistance 
against movement of the jig arm 903 and when a pre- 
determined level of resistance is reached the auto align- 
er stops the optimization scan. Alternatively, the optimi- 
sation scan is stopped by the operator When the peak 
position moves due to optical or mechanical causes, for 
example forces acting onto the components 905 and 



906 due to shrinkage of the curing adhesive 909, the 
positioners controlled by the auto aligner are following 
the peak, thus maintaining the alignment. During man- 
ufacture the operator is enabled to watch the optimiza- 
5 tion scan in progress on four LEDs. The four LEDs hav- 
ing a same brightness or close indicates that the jig arm 
903 is positioned approximately at the center of the fine 
adjustment range. Non-symmetric brightness indicates 
that the peak position is close to one side, as shown in 
10 Fig. 1 3. In this case the positioners have to be centered 
by moving manually the jig arm 903 until all four LEDs 
have a same brightness. Furthermore, flashing green 
lights indicate that the optimization scan operates close 
to a limit of the fine adjustment range and flashing red 
is lights indicate that the limit has been reached. It is not 
recommended to cure the adhesive in this case, be- 
cause the curing adhesive may cause afurther drift and, 
therefore, an out of range situation. 
[0054] Of course, there are numerous other possibil- 
ities indicating the position of the jig arm. 
[0055] For curing the adhesive a heater 904 is affixed 
to each jig arm 903. The heater 904 is activated by the 
operator after an optimum relative position has been 
found. 3 or 4 minutes after the heater 904 has been ac- 
tivated, that is when the adhesive starts to thicken, the 
optimization scan is turned off automatically. While cur- 
ing the adhesive thickens thus increasing resistance; 
against any movement and inhibiting the fine adjust- 
ment block from further movement. At the time when the 
fine adjustment block is inhibited from any further move- 
ment a "GLUE" LED is turned on and 10 seconds later 
the optimization scan is turned off. The heater stays on 
for another 7 minutes in order finish curing the adhesive 
and is then turned off automatically. After turning the 
heater on, but before the "GLUE" LED turns on, the op- 
erator is able to adjust the gap in order to obtain mini- 
mum losses. After the "GLUE" LED turns on no adjust- 
ments are possible. Optionally, the heater can be turned 
off and on by the operator at any time. The "CHANNEL" 
set determines which side - reflection side or transmis- 
sion side - will be heated. If the channel is set to "reflec- 
tion" the heater on the reflection side will be activated if 
the "Heater" button is pressed. If, subsequently the 
channel is switched to "transmission" the "reflection" 
heater will still be on. This allows heating on one side 
while optimizing the other side, 
[0056] Timing of the heaters 904 varies for different 
applications comprising different components and/or 
different adhesives. Furthermore, some adhesives do 
not require heating. 

[0057] There is a significant advantage to aligning 
components before, and after the application of an ad- 
hesive. For instance, it is found that first aligning two 
components such that they provide optimum coupling 
of a light signal passing therethrough, and then perform- 
ing a final step of applying adhesive, often provides spu- 
rious results; as the adhesive cures, it tends to shrink 
and pull the components out of alignment. Therefore, 
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automatically aligning optical components during curing 
of an adhesive using the auto aligner according to the 
invention is highly advantageous by obviating the prac- 
tice of discarding components that dont meet a required 
specification thus offering substantial cost savings in the 
manufacture of numerous types of optical devices. 
[0058] Of course numerous other embodiments can 
be envisaged without departing from the spirit and 
scope of the invention. 

Claims 

1 . A method of manufacturing a device wherein rela- 
tive alignment between at least two components is 
required so that light passing from one component 
to the other is efficiently coupled, the method com- 
prising the ordered steps of: 

a) launching a beam of light through at least one 
of the components to at least impinge upon the 
second component; 

b) detecting a property of the beam of light after 
it has passed through the at least one of the 
components; 

c) in dependence upon a result in step (b) using 
a suitably programmed processor to determine 
if the two components are optimally aligned 
while relatively moving or orienting the two 
components with respect to each other to opti- 
mize their relative alignment; 

d) applying an adhesive to at least one of the 
two components so as to relatively fix the com- 
ponents that have been determined to be opti- 
cally aligned; 

e) detecting a property of the beam of light after 
it has passed through the at least one of the 
components; 

f) in dependence upon a result in step (e) using 
the suitably programmed processor to deter- 
mine if the two components arc optimally 
aligned after the adhesive has been applied 
and during at least some duration while the ap- 
plied adhesive is curing, and before the adhe- 
sive has completely cured, relatively moving or 
orienting the two components with respect to 
each other to optimize their relative alignment. 

2. A method of manufacturing as defined in claim 1 , 
wherein step (a) includes launching the beam of 
light through the two components, wherein the 
property is intensity. 

3. A method of manufacturing as defined in claim 2, 
wherein step (c) is performed by determining if the 
light passing through the two components is at a 
maximum intensity. 



4. A method of manufacturing as defined in claim 2, 
wherein step (c) is performed by first finding a max- 
imum intensity peak in a range of wavelengths of 
interest, so as to eliminate intensity peaks which 

5 have an intensity less than the maximum intensity 
peak. 

5. A method of manufacturing as defined in claim 2, 
further comprising the step of automatically varying 

10 the polarization of light passing through the two 
components while performing step (e) or (f). 

6. A method of method of manufacturing as defined in 
claim 5, further comprising the steps of automatical- 

'5 |y rotating the relative position of the elements to 
lessen the polarization sensitivity of the two compo- 
nents. 

7. A method of method of manufacturing as defined in 
20 claims, further comprising the steps of automatical- 
ly rotating the relative position of the elements to 
lessen the polarization sensitivity of the two compo- 
nents after performing step (d). 

25 8. A method of manufacturing a device wherein rela- 
tive alignment between at least two components as 
defined in claim 1 , wherein the step of relatively 
moving or orienting the two components with re- 
spect to each other to optimize their relative align- 

30 ment is performed by an auto-alignment means in 
dependence upon a feedback signal. 

9. A method of manufacturing an optical component 
comprising the steps of; 

35 providing a plurality of optical test signals to a plu- 
rality of assembly stations adapted to assemble op- 
tical components, each assembly station having an 
auto-alignment means for at least partially automat- 
ically relatively aligning two optical components in 

40 dependence upon at least one of a plurality of the 
test signal propagating therethrough. 

10. A method of manufacturing an optical component 
as defined in claim 9, wherein the optical test sig- 

45 nals each provide a plurality of test wavelengths to 
the auto-alignment means for at least partially au- 
tomatically relatively aligning the two optical com- 
ponents, 

50 11. A method of manufacturing an optical component 
as defined in claim 9 wherein the optical test signals 
provide light having a plurality of test polarization 
states to the auto-aiignment means for automatical- 
ly relatively aligning the two optical components. 

55 

12. A method of manufacturing an optical component 
comprising the steps of: 
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providing a plurality of optical wavelengths to 
an assembly station adapted to assemble opti- 
cal components, the assembly station having 
an auto-alignment means for at least partially 
automatically relatively aligning two optical 
components in dependence upon at least some 
of the optical wavelengths; 
providing at least one of the optical wave- 
lengths in the form of a test wavelength to the 
at least two components, and automatically ad- 
justing the relative alignment with the auto- 
alignment means. 

13. A method as defined in claim 12 wherein the auto- 
alignment means adjusts the relative alignment of 
the two components after a signal response is de- 
termined for a predetermined wavelength of light 
passing therethrough, to aiter the signal response 
for that predetermined wavelength. 

14. A method as defined in claim 13, wherein adhesive 
is applied after the relative alignment is adjusted by 
the auto-alignment means. 

15. A method as defined in claim 14 wherein the auto- 
alignment means is programmed to continue ad- 
justing the relative alignment of the two components 
after the adhesive is applied. 

16. A method as defined in claim 15 wherein the auto- 
alignment means is programmed to continue ad- 
justing the relative alignment of the two components 
after the adhesive is applied and during an interval 
of time while the adhesive is curing. 

17. A method of manufacturing an optical component 
comprising the steps of: 



as defined in claim 17, wherein the polarization of 
light passing through the at least two components 
is changed as measurements are recorded. 

5 20. A method of manufacturing an optical component 
as defined in claim 19, wherein the alignment is 
changed by the auto-aligner so as to lessen the PDL 
of the at least two components. 

10 21. A method of manufacturing an optical component 
as defined in claim 20, wherein the relatively align- 
ment is changed after adhesive is applied to yield a 
desired output response. 

is 22. A method of manufacturing an optical component 
as defined in claim 20, wherein the relative align- 
ment is changed after adhesive is applied to vary 
the PDL of the device as the adhesive is curing. 

20 23. An auto aligner for automatically aligning compo- 
nents of an optical device during manufacture of the 
same comprising: 

at least an input channel for receiving an input 
25 signal in dependence upon a property of a 

beam of light launched through at least one of 
the components of the optical device; 
a microprocessor based controller for receiving 
at least an input signal and for determining at 
30 least a control signal in dependence upon the 

input signal for moving the at least two optical 
components relative to each other; and, 
at least an output channel for transmitting the 
control signal to at least an adjustment block 
35 for moving foe at least two optical components 

relative to each other in dependence upon the 
control signal. 



passing light through at least two optical com- 
ponents to be aligned, to determine a signal re- 40 
sponse; 

using a suitably programmed processor to 
compare the output response to a desired out- 
put response stored in a memory; 
and using an auto-alignment means to adjust 45 
the relative alignment between the two compo- 
nents to yield an output response from the ad- 
justed aligned components that is closer to the 
response stored in memory. 

50 

18. A method of manufacturing an optical component 
as defined in claim 17, further comprising the step 
of using the auto-alignment means to adjust the rel- 
ative alignment between the two components after 
adhesive is applied to at least one of the two com- ss 
ponents. 



19. A method of manufacturing an optical component 
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